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1 I N T R O D U C T I O N

I n t h e p a p er1 C a ñ a d a a n d  Dr á b e k st u di e d, i n p arti c ul ar, t h e s c al ar pr o bl e m

u ′′ + g (u ′) = 𝑓 + s, t ∈ [ a , b ], ( 1)

wit h  N e u m a n n

u ′(a ) = u ′(b ) = 0

or p eri o di c

u (a ) − u (b ) = u ′(a ) − u ′(b ) = 0

b o u n d ar y c o n diti o n s.

T h eir  m ai n g o al  w a s t o d e s cri b e f or e a c h gi v e n 𝑓 wit h  m e a n v al u e z er o it s s ol v a bilit y s et, t h at i s, t h e s et of s ∈ R f or

w hi c h pr o bl e m ( 1) h a s a s ol uti o n.  A s s u mi n g

(C D ) g ∶ R → R i s of cl a s s  1 a n d b o u n d e d,

t h e y pr o v e t h at t h e s ol v a bilit y s et of ( 1)  wit h  N e u m a n n or p eri o di c c o n diti o n s i s a si n gl et o n ( s e e  C a ñ a d a a n d

Dr á b e k 1,  T h e or e m s 3. 3 a n d 3. 4 ).  T hi s c o ntr a st s  wit h t h e p eri o di c pr o bl e m f or t h e p e n d ul u m e q u ati o n

u ′′ + si n (u ) = 𝑓 + s, t ∈ [ a , b ],

D e di c at e d t o J e a n  M a w hi n, o n t h e o c c a si o n of hi s 8 0t h birt h d a y.
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w h er e t h e s ol v a bilit y s et i s a n i nt er v al [s− , s+ ] a n d t h e r e d u cti o n of t h e i nt er v al t o a si n gl e p oi nt, t h e s o- c all e d d e g e n er a c y

pr o bl e m, i s still o p e n. 2

M a w hi n 3 e xt e n d e d t h e pr e vi o u s  w or k t o s y st e m s of t h e f or m

u ′′ = g (t, u ′) + 𝑓 + s, t ∈ [ a , b ], ( 2)

w h er e g ∶ [ a , b ] × R n → R n , 𝑓 ∶ [ a , b ] → R n h a s  m e a n v al u e z er o a n d s ∈ R n .  H e pr o v e d t h at if c o n diti o n

(M ) li m||u ||→ ∞
g (t,u )

||u ||
= 0 u nif or ml y i n t ∈ [ a , b ],

h ol d s, t h e n t h e s et s

 ( )

𝑓, n
= { s ∈ R n ∶ t h e  N e u m a n n pr o bl e m f or (2 ) i s s ol v a bl e} , ( 3)

a n d

 ( )

𝑓, n
= { s ∈ R n ∶ t h e p eri o di c pr o bl e m f or (2 ) i s s ol v a bl e} , ( 4)

ar e b ot h n o n e m pt y ( s e e  M a w hi n 3,  T h e or e m s 1 a n d 4 ).  M or e o v er, i n t h e s c al ar c a s e (n = 1), h e al s o g e n er ali z e d t h e u ni q u e n e s s

r e s ult s i n  C a ñ a d a a n d  Dr á b e k 1 b y pr o vi n g t h at  ( )

𝑓, 1
a n d  ( )

𝑓, 1
ar e b ot h si n gl et o n s.

I n c a s e n ≥ 2 t h e q u e sti o n of t h e u ni q u e n e s s  w a s s ol v e d i n t h e n e g ati v e s e n s e f or t h e  N e u m a n n pr o bl e m i n a pr e vi o u s

w or k, 4 w h er e  Al mir a a n d  D el  T or o s h o w e d a c o u nt er e x a m pl e s ati sf yi n g (M ) b ut f or  w hi c h  ( )

𝑓, n
c o nt ai n s a c o nti n u u m.

O n t h e ot h er h a n d, t h e u ni q u e n e s s f or t h e p eri o di c pr o bl e m  w h e n e v er n ≥ 2  w a s st at e d t h er e a s a n o p e n pr o bl e m. S o m e

ot h er r el at e d r e s ult s a n d e xt e n si o n s c a n b e f o u n d i n pr e vi o u s  w or k s. 5 – 7

T h e ai m of t hi s n ot e i s t o i m pr o v e a n d c o m pl e m e nt s o m e of t h e r e s ult s i n pr e vi o u s  w or k s. 3, 4 T h e p a p er i s or g a ni z e d a s

f oll o w s: i n S e cti o n 2  w e pr e s e nt, b y  m e a n s of t h e  L er a y – S c h a u d er c o nti n u ati o n t h e or e m, a sli g htl y  m or e g e n er al c o n diti o n

t h a n i n  M a w hi n3 e n s uri n g t h at b ot h  ( )

𝑓, n
a n d  ( )

𝑓, n
ar e n o n e m pt y. I n S e cti o n 3  w e u s e t h e t h e or y of t h e diff er e nti al

i n e q u aliti e s f or pr o p o si n g a p arti al e xt e n si o n of a u ni q u e n e s s r e s ult i n  M a w hi n.3 Fi n all y, i n S e cti o n 3  w e s ettl e i n t h e

n e g ati v e s e n s e t h e o p e n pr o bl e m st at e d i n  Al mir a a n d  D el  T or o 4 wit h r e s p e ct t o t h e u ni q u e n e s s f or t h e p eri o di c pr o bl e m

i n c a s e n ≥ 2.

T hr o u g h o ut t h e p a p er,  w e ar e g oi n g t o u s e t h e f oll o wi n g a s s u m pti o n s a n d n ot ati o n s: b y si m pli cit y,  w e a s s u m e t h at

g ∶ [ a , b ] × R n → R n i s a c o nti n u o u s f u n cti o n, 𝑓 ∈ C̃ ([a , b ], R n ) ∶ =
{

𝑓 ∈ C ([a , b ], R n ) ∶ ∫
b

a
𝑓 (x )d x = 0

}
a n d s ∈ R n .

F or x = ( x 1 , x 2 , … , x n ) ∈ R n w e c o n si d er t h e  m a xi m u m n or m, t h at i s,

||x || = m a x
i= 1 ,2 , … ,n

|x i|,

a n d f or h ∈ C ([a , b ], R n ) w e  will d e n ot e

||h ||∞ = m a x
t∈[ a ,b ]

||h (t)|| a n d h̄ =
1

b − a ∫

b

a

h (s)d s ∈ R n .

N oti c e t h at ||h̄ ||∞ ≤ ||h ||∞ ( w h er e  wit h a sli g ht a b u s e of n ot ati o n  w e c o n si d er h̄ a s a c o n st a nt f u n cti o n)

Fi n all y, f or x = ( x 1 , x 2 , … , x n ), 𝑦 = ( 𝑦 1 , 𝑦2 , … , 𝑦n ) ∈ R n w e c o n si d er t h e u s u al p arti al or d eri n g i n d u c e d b y t h e c o n e

R n
+ , d efi ni n g

x ≤ 𝑦 ⇐ ⇒ x i ≤ 𝑦 i f or all i = 1 , 2 , … , n ,

x < 𝑦 ⇐ ⇒ x i < 𝑦 i f or all i = 1 , 2 , … , n .

W e  will s a y t h at x a n d 𝑦 ar e c o m p ar a bl e w h e n x ≤ 𝑦 or 𝑦 ≤ x a n d str o n gl y c o m p ar a bl e w h e n x < 𝑦 or 𝑦 < x .

1 1 8 7 0

 10991476, 2023, 11, 
Do

wnloaded fro
m https://onlinelibrary.

wiley.co
m/doi/10.1002/

m
ma.8758 by 

Universidad de 
Vigo, 

Wiley 
Online 

Library on [03/10/2024]. 
See the 

Ter
ms and 

Conditions (https://onlinelibrary.
wiley.co

m/ter
ms-and-conditions) on 

Wiley 
Online 

Library for rules of use; 
O

A articles are governed by the applicable 
Creative 

Co
m

mons 
License



CI D

2 E X I S T E N C E  R E S U L T S

2. 1 T h e  p e ri o di c  p r o bl e m

L et u s c o n si d er t h e p eri o di c pr o bl e m

u ′′ = g (t, u ′) + 𝑓 + s, t ∈ [ a , b ], u (a ) − u (b ) = u ′(a ) − u ′(b ) = 0 . ( 5)

T h e pr o of of t h e f oll o wi n g a u xili ar y r e s ult i s str ai g htf or w ar d a n d s o it i s o mitt e d.

L e m m a 2. 1. If 𝑓 is a s ol uti o n of t h e pr o bl e m

𝑓 ′ = g (t, 𝑓(t) − 𝑓 ) − g (t, 𝑓(t) − 𝑓 ) + 𝑓, t ∈ [ a , b ], 𝑓(a ) = 0 = 𝑓 (b ), ( 6)

t h e n

u (t) = c +
∫

t

a

(𝑓 (s) − 𝑓 )d s

is a f a mil y of s ol uti o ns f or pr o bl e m ( 5)  wit h s = − g (t, 𝑦(t) − 𝑦 ) ∈ R n a n d c ∈ R n ar bitr ar y.

B a s e d u p o n t h e pr e vi o u s l e m m a,  w e pr e s e nt a n e xt e n si o n of  M a w hi n 3,  T h e or e m 4.

T h e o r e m 2. 2. If

li m s u p
||u ||→ ∞

||g (t, u )||

||u ||
<

1

4 (b − a )
u nif or ml y i n t ∈ [ a , b ]. ( 7)

t h e n t h er e e xists a v al u e of s ∈ R n f or  w hi c h t h er e is a f a mil y of s ol uti o ns f or pr o bl e m ( 5).

Pr o of. I n vi e w of  L e m m a 2. 1 it i s e n o u g h t o s h o w t h e s ol v a bilit y of pr o bl e m ( 6),  w hi c h i s e q ui v al e nt t o t h e fi x e d p oi nt

e q u ati o n

𝑦 = T 𝑦 ( 8)

w h er e T ∶ C (I , R n ) → C (I , R n ) i s gi v e n b y

T 𝑦 (t) ∶ =
∫

t

a

[
g (s, 𝑦(s) − 𝑦 ) − g (s, 𝑦(s) − 𝑦 ) + 𝑦 (s)

]
d s.

It i s a st a n d ar d e x er ci s e t o s h o w t h at o p er at or T i s c o m pl et el y c o nti n u o u s. S o, if  w e pr o v e t h at t h e p o s si bl e s ol uti o n s

of t h e o p er at or e q u ati o n 𝑦 = 𝑦 T 𝑦 ar e b o u n d e d i n d e p e n d e ntl y of 𝜆 ∈ ( 0 , 1 ) t h e n t h e  L er a y – S c h a u d er c o nti n u ati o n

t h e or e m,  M a w hi n8,  T h e or e m 7. 1, will pr o vi d e t h e d e sir e d fi x e d p oi nt f or ( 8).

O n t h e ot h er h a n d, n ot e t h at c o n diti o n ( 7) i m pli e s t h at t h er e e xi st 𝜈 < 1

4 (b − a )
a n d M > 0 s u c h t h at

||g (t, u )|| ≤ 𝜈 ||u || + M , f or all (t, u ) ∈ [a , b ] × R n . ( 9)

T h e n, fr o m ( 9) it f oll o w s t h at 𝑦 = 𝜆 T 𝑦 f or s o m e 𝜆 ∈ ( 0 , 1 ) i m pli e s

||𝑦 ||∞ = 𝜆 ||T 𝑦 ||∞ ≤
∫

b

a

||g (·, 𝑦(·)  − 𝑦 ) − ̄g (·, 𝑦(·)  − 𝑦 ) + 𝑓 ||∞ d s

≤ (b − a )
(
||g (·, 𝑦(·)  − 𝑦 ) − ̄g (·, 𝑦(·)  − 𝑦 )||∞ + ||𝑓 ||∞

)

≤ (b − a )
(
2 ||g (·, 𝑦(·)  − 𝑦 )||∞ + ||𝑓 ||∞

)

≤ (b − a )
(
2 [𝜈 ||𝑦 − 𝑦 ||∞ + M ] + ||𝑓 ||∞

)

≤ (b − a )
(
4 𝜈 ||𝑦 ||∞ + 2 M + ||𝑓 ||∞

)
.

1 1 8 7 1

 10991476, 2023, 11, 
Do

wnloaded fro
m https://onlinelibrary.

wiley.co
m/doi/10.1002/

m
ma.8758 by 

Universidad de 
Vigo, 

Wiley 
Online 

Library on [03/10/2024]. 
See the 

Ter
ms and 

Conditions (https://onlinelibrary.
wiley.co

m/ter
ms-and-conditions) on 

Wiley 
Online 

Library for rules of use; 
O

A articles are governed by the applicable 
Creative 

Co
m

mons 
License



CI D

T h er ef or e,

||𝑓 ||∞ ≤
(b − a )(2 M + ||𝑓 ||∞ )

1 − 4 (b − a )𝑓

a n d t h e pr o of i s c o m pl et e.

2. 2 T h e  N e u m a n n  p r o bl e m

L et u s c o n si d er n o w t h e  N e u m a n n pr o bl e m

u ′′ = g (t, u ′) + 𝑓 + s, t ∈ [ a , b ], u ′(a ) = 0 = u ′(b ). ( 1 0)

A n a n al o g o u s of  L e m m a 2. 1, t h at  w e st at e al s o  wit h o ut pr o of, i s t h e f oll o wi n g.

L e m m a 2. 3. If 𝑓 is a s ol uti o n of t h e pr o bl e m

𝑓 ′ = g (t, 𝑓(t))  − g (t, 𝑓(t))  + 𝑓, t ∈ [ a , b ], 𝑓(a ) = 0 = 𝑓 (b ), ( 1 1)

t h e n

u (t) = c +
∫

t

a

𝑓 (s)d s

is a f a mil y of s ol uti o ns f or pr o bl e m ( 1 0)  wit h s = − g (t, 𝑦(t))  ∈ R n a n d c ∈ R n ar bitr ar y.

T h e o r e m 2. 4. If

li m s u p
||u ||→ ∞

||g (t, u )||

||u ||
<

1

2 (b − a )
u nif or ml y i n t ∈ [ a , b ]. ( 1 2)

t h e n t h er e e xists a v al u e of s ∈ R n f or  w hi c h t h er e is a f a mil y of s ol uti o ns f or pr o bl e m ( 1 0).

Pr o of. T h e pr o of f oll o w s t h e s a m e li n e s a s t h at of  T h e or e m 2. 2: fr o m  L e m m a 2. 3 it i s e n o u g h t o s h o w t h e s ol v a bilit y

of pr o bl e m ( 1 1), t h at t ur n s o ut t o b e e q ui v al e nt t o t h e fi x e d p oi nt e q u ati o n 𝑦 = T 𝑦 , w h er e n o w T ∶ C (I , R n ) → C (I , R n )

i s gi v e n b y

T 𝑦 (t) ∶ =
∫

t

a

[
g (s, 𝑦(s))  − g (s, 𝑦(s))  + 𝑦 (s)

]
d s.

A g ai n, t h e o p er at or T i s c o m pl et el y c o nti n u o u s, c o n diti o n ( 1 2) i m pli e s t h at t h er e e xi st 𝑦 < 1

2 (b − a )
a n d M > 0 s u c h t h at

||g (t, u )|| ≤ 𝑦 ||u || + M , f or all (t, u ) ∈ [a , b ] × R n , ( 1 3)

a n d if 𝑦 = 𝑦 T 𝑦 f or s o m e 𝑦 ∈ ( 0 , 1 ) t h e n

||𝜆 ||∞ = 𝜈 ||T 𝜈 ||∞ ≤
∫

b

a

||g (·, 𝑦(·))  − g (·, 𝜆(·))  + 𝑦 ||∞ d s

≤ (b − a )
(
||g (·, 𝜆(·))  − g (·, 𝑦(·))||∞ + ||𝜆 ||∞

)

≤ (b − a )
(
2 ||g (·, 𝑦(·))||∞ + ||𝑦 ||∞

)

≤ (b − a )
(
2 𝑦 ||𝑦 ||∞ + 2 M + ||𝑦 ||∞

)
.

S o,

||𝑓 ||∞ ≤
(b − a )(2 M + ||𝑦 ||)

1 − 2 (b − a )𝑦

a n d t h e pr o of f oll o w s fr o m t h e  L er a y – S c h a u d er c o nti n u ati o n t h e or e m.
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3 A  S T R U C T U R A L  P R O P E R T Y  F O R  ( )

𝑓, n

N e xt  w e pr e s e nt a p arti al e xt e n si o n of  M a w hi n 3,  T h e or e m 3 t o t h e c a s e n ≥ 2.  T h e k e y c o n c e pt t h at all o w s s u c h e xt e n si o n

i s q u a si- m o n ot o ni cit y, a c e ntr al c o n c e pt i n c arr yi n g o v er pr o p erti e s fr o m s c al ar diff er e nti al e q u ati o n s t o s y st e m s, 9, 1 0 : a

f u n cti o n g ∶ [ a , b ] × R n → R n , g ∶ = ( g 1 , g 2 , … , g n ), i s c all e d q u asi- m o n ot o n e i n cr e asi n g , or j u st q u asi- m o n ot o n e , if f or

e a c h t ∈ [ a , b ] a n d e a c h i = 1 , 2 , … , n w e h a v e

g i(t, u 1 , u 2 , … , u n ) ≤ g i(t, v 1 , v 2 , … , v n ) if u i = v i a n d u 𝑓 ≤ v 𝑓 f or all 𝑓 ≠ i.

T h e o r e m 3. 1. Ass u m e t h at g (t, u ) is q u asi- m o n ot o n e.  T h e n, f or e a c h 𝑓 t h e s et  ( )

𝑓, n
c a n n ot c o nt ai n t w o str o n gl y

c o m p ar a bl e el e m e nts.

Pr o of. T o t h e c o ntr ar y, s u p p o s e t h at f or s o m e 𝑓 t h er e e xi st s1 < s2 ∈ R n a n d x , 𝑓 s ol uti o n s, r e s p e cti v el y, of pr o bl e m s

x ′ = g (t, x ) + 𝑓 + s1 , t ∈ [ a , b ], x (a ) = 0 = x (b )

a n d

𝑓 ′ = g (t, 𝑓) + 𝑓 + s2 , t ∈ [ a , b ], 𝑦(a ) = 0 = 𝑦 (b ).

T h e n,

x (a ) = 𝑦 (a ), x ′(a ) = g (t, x (a ))  + 𝑦 (a ) + s1 < g (t, 𝑦(a ))  + 𝑦 (a ) + s2 = 𝑦 ′(a ),

a n d t h er ef or e, t h er e e xi st s 𝑦 > 0 s u c h t h at

x (t) < 𝑦 (t) f or all t ∈ ( a , a + 𝑦 ).

F urt h er m or e,

x ′(t) − g (t, x (t)) < 𝑦 ′(t) − g (t, 𝑦(t)) f or all t ∈ [ a , b ],

a n d t h e n a  w ell e st a bli s h e d r e s ult i n t h e t h e or y of t h e diff er e nti al i n e q u aliti e s ( s e e  W alt er 1 0,  T h e or e m 1 2. V ) i m pli e s t h at

x (t) < 𝑦 (t) f or all t ∈ ( a , b ],

att ai ni n g a c o ntr a di cti o n  wit h t h e f a ct t h at x (b ) = 0 = 𝜆 (b ).

R e m ar k 3. 1.  T h e or e m 3. 1 i s, i n f a ct, a n e xt e n si o n of  M a w hi n 3,  T h e or e m 3 si n c e a n y s c al ar f u n cti o n i s q u a si- m o n ot o n e

a n d f or n = 1 t h e s et  ( )

𝜈, 1
d o e s n ot c o nt ai n t w o str o n gl y c o m p ar a bl e el e m e nt s if a n d o nl y if it h a s at  m o st o n e el e m e nt.

O n t h e ot h er h a n d,  T h e or e m 3. 1 i s n ot tr u e, i n g e n er al: i n d e e d, c o n si d er t h e f u n cti o n g ∶ R 2 → R 2 gi v e n b y

g (u 1 , u 2 ) ∶ = (u 2 − u 1 , − 2 u 1 + u 2 ) f or all (u 1 , u 2 ) ∈ R 2 .

T h e n, it i s e a s y t o v erif y t h at f or e a c h 𝜈 ∈ R t h e f u n cti o n

u (t) ∶ = ( −𝑦 c o s (t), − 𝜆 t + 𝑦 si n (t) − 𝜆 c o s (t)) f or all t ∈ [ 0 , 2 𝑦 ],

i s a s ol uti o n of t h e pr o bl e m

u ′′ = g (u ′) + (𝜆, 𝑦 ), u ′(0 ) = 0 = u ′(2 𝑦 ),

w hi c h  m e a n s t h at

{( 𝑦, 𝑦 ) ∈ R 2 ∶ 𝑦 ∈ R } ⊆  ( )
0 ,2

.
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T h er ef or e,  ( )
0 ,2

a d mit s i nfi nit el y  m a n y str o n gl y c o m p ar a bl e el e m e nt s.  Of c o ur s e, t h e n o nli n e arit y g (u 1 , u 2 ) i s n ot

q u a si- m o n ot o n e.

Fi n all y,  w e p oi nt o ut t h at t h e pr o of of  T h e or e m 3. 1 s e e m s n ot  w or k f or t h e p eri o di c b o u n d ar y c o n diti o n s.  W e d o n ot

k n o w  w h et h er t h e r e s ult i s tr u e or n ot i n t h e p eri o di c s etti n g.

4 A  N O N- U N I Q U E N E S S  R E S U L T  F O R  T H E  P E R I O D I C  P R O B L E M  W I T H n ≥ 2

I n  Al mir a a n d  D el  T or o4 it  w a s l eft a s a n o p e n pr o bl e m t o d et er mi n e if  ( )

𝑓, n
i s a si n gl et o n f or n ≥ 2. I n t hi s s e cti o n  w e

pr e s e nt a n e x a m pl e a n s w eri n g t hi s q u e sti o n i n t h e n e g ati v e s e n s e: c o n si d er h ∶ R → R a b o u n d e d a n d C ∞ f u n cti o n s u c h

t h at h (x ) = −x f or all x ∈ [ − 2 , 2 ] a n d d efi n e

g (t, u 1 , u 2 , u 3 , … , u n ) = (h (u 2 − u 1 si n (t) + u 2 c o s (t)), h ( −u 1 ), 0 , … , 0 ).

T h e n g ∶ [ 0 , 2 𝑓 ] × R n → R n b el o n g s t o C ∞ ([0 , 2 𝑓 ] × R n , R n ) a n d it i s b o u n d e d, s o g o b vi o u sl y s ati sfi e s c o n diti o n (M ). L et

u s n o w c o n si d er t h e pr o bl e m

u ′′(t) = g (t, u ′(t))  + s, t ∈ [ 0 , 2 𝑓 ],

u (0 ) = u (2 𝑓 ), u ′(0 ) = u ′(2 𝑓 ).
( 1 4)

F or e a c h 𝑓 ∈ [ − 1 , 1 ] t h e p eri o di c f u n cti o n u 𝑓 (t) = (𝑓 c o s (t), 𝑓 si n (t), 0 , … , 0 ) cl e arl y s ati sfi e s

u ′
𝑓 (t) = ( −𝑓 si n (t), 𝑦 c o s (t), 0 , … , 0 ),

u ′′
𝑦 (t) = ( −𝑦 c o s (t), − 𝑦 si n (t), 0 , … , 0 ),

a n d

u ′′
𝑦 (t) − g (t, u ′

𝑦 (t))  = ( −𝑦 c o s (t), − 𝑦 si n (t), 0 , … , 0 )

− ( h (𝑦 c o s (t) + 𝑦 si n 2 (t) + 𝑦 c o s 2 (t)), h (𝑦 si n (t)), 0 , … , 0 )

= ( 𝑦, 0 , 0 , … , 0 ).

T h er ef or e, u 𝜆 s ol v e s t h e p eri o di c pr o bl e m ( 1 4)  wit h s𝜈 = ( 𝜈, 0 , 0 , … , 0 ) a n d n ≥ 2.  T h e n f or 𝑦 = 0 w e h a v e

{ s𝜆 ∶ 𝑦 ∈ [ − 1 , 1 ] } ⊆  ( )
0 ,n

a n d i n c o n s e q u e n c e t h e u ni q u e n e s s p art of  C a ñ a d a a n d  Dr á b e k 1,  T h e or e m 3. 4 c a n n ot b e a d d e d t o  M a w hi n. 3,  T h e or e m 4

A C K N O W L E D G E M E N T S

I a m gr at ef ul t o pr of e s s or J.  M.  Al mir a f or s e v er al fr uitf ul di s c u s si o n s a b o ut t h e t o pi c s of t hi s p a p er.

T h e a ut h or  w a s p arti all y s u p p ort e d b y t h e  A g e n ci a  E st at al d e I n v e sti g a ci ó n ( Mi ni st eri o d e  Ci e n ci a e I n n o v a ci ó n), S p ai n,

a n d  E ur o p e a n  R e gi o n al  D e v el o p m e nt  F u n d, Pr oj e ct PI D 2 0 2 1- 1 2 2 4 4 2- 1 0 0.  F u n di n g f or o p e n a c c e s s c h ar g e:  U ni v er si d a d e

d e  Vi g o/ CI S U G.

C O N F L I C T  O F I N T E R E S T
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